A series of experiments performed in our laboratory showed that morphine analgesia, the development of tolerance and dependence are separable from each other (1, 2) . Such possible dissociation of tolerance and de pendence was also demonstrated (3) (4) (5) . Meanwhile, in most studies, tolerance and dependence consistently occurred together, and the parallel appearance of both phenomena infered the existence of a common mechanism (6, 7) . So far most of the experiments have been conducted in normal healthy animals; and indeed, as far as we know, there have been few reports on the observation of dependence in the pain-suffering animal (8, 9) . Inasmuch as we have recently reported that a significant delay was observed in the development of morphine tolerance in the presence of formalin pain, on the controversial problem of whether pain can prevent the development of morphine tolerance (10), we examined whether the dependence on morphine develops in mice suffering from pain.
Male mice of the ddY strain, weighing 18 to 20 g, were housed in a room maintained at 22C. They were given nor mal laboratory diet ad libitum. After reaching 25 g, they were used in the experiment. Morphine HCl (Takeda, Osaka), naloxone HCl (Sigma, St. Louis, MO, USA) and formalin (Nacalai Tesque, Kyoto) were dissolved in saline and given s.c. or i.p. Three different groups of mice were treated with 20 pl of 2076 formalin into the dorsal part of the left hind paw on the 1st day. To intensify or prolong pain during the experimental period, two of the groups received an additional formalin injection into the right hind paw on the 3rd day or on the 5th day, respec tively. The control group was treated with saline instead of formalin. The pain threshold was measured with a slight modification of the method of Randall and Selitto (11) using an analgesy-meter (MK-300; Muromachi, Tokyo). Daily injection of morphine at 10 mg/kg, s.c. was started 2 hr after the formalin or saline injection on the 1st day, and the antinociceptive effect was measured by the tail-pinch method (12) . A significant reduction in the antinociceptive effect was an indication of tolerance. With the same schedule as used for formalin and mor phine treatment, mice were challenged with naloxone at 1 mg/kg, i.p. 1 hr after the scheduled dose of morphine on the 5th day or on the 9th day. Withdrawal signs were ob served for 10 min after naloxone injection. Mice were kept on a stool during observation, and withdrawal signs, such as peeping below, rearing, falling, jumping, circling and backward locomotion, were counted (5). The results are expressed as the mean±S.E. Differences between the individual mean values in different groups are analyzed by Dunnett's test.
Daily injection of morphine resulted in the develop ment of tolerance to morphine antinociception in the saline-treated group, but the development of morphine tolerance was significantly delayed in the formalin-treated mice until the 6th day, and then a gradual reduction of the antinociceptive effect led to the complete development of tolerance by 7 or 8 days, as evidenced by no substantial antinociception. An additional injection of formalin on the 3rd day or on the 5th day that produced pain in both hind paws (Fig. 1 ) had no effect on the delay in the de velopment of morphine tolerance (Fig. 2) . Fig. 1 . Changes of the pain threshold by an additional formalin injection. Mice received 20 pl of formalin (2%) into the left hind paw on the 1st day and the right hind paw on the 3rd day (0) or on the 5th day (A). The pain threshold was measured at the left hind paw before the formalin treatment (Pre) and on the 4th day (A), the 6th day (B) or the 10th day (C). The saline con trol group received saline instead of formalin (0), and the formalin control group received only the initial formalin (/). In mice treated twice with formalin, the pain threshold measured at the right hind paw on these test days was the same as that of the left one (to avoid complexity, data omitted from this figure). Each point indicates the mean ±S.E. (n=8-16). Significantly different from the corresponding value on the 1st day (Pre), *P<0.05, **P<0.01. Significantly different from the control group on the corresponding days, 'P<0.05, 'OP < 0.01. Fig. 2 . Development of tolerance to morphine antinociception in the formalin treated mice. Mice were divided into 3 groups and received daily morphine, 10 mg/kg, s.c.; and 20 Esl of formalin (2%) was given into the left hind paw on the 1st day. Two of the groups received an additional formalin injection into the right hind paw on the 3rd day ([-]) or on the 5th day (A). The other group received no additional formalin injection (/). The control group (0) received daily morphine but was given saline in stead of formalin on the 1st day. Each point indicates the mean±S.E. (n=8). Significantly different from the corresponding value on the 1st day, *P<0.05, **P<0.01. Significantly different from the effect in the control group on the corresponding days, OP < 0.05, "P<0.01.
Almost equipotent physical dependence, and likely to be maximum in this administration schedule, developed in control groups treated with morphine alone for 5 days and for 9 days, as evidenced by the appearance of withdrawal signs following naloxone challenge; likewise, withdrawal signs in the group given a single formalin treat ment in the absence (the 5th day) or the presence (the 9th day) of tolerance development were observed to the same extent as in the control group (Fig. 3) . The magnitude of withdrawal signs among the formalin-treated groups was nearly equivalent to that of the morphine control group. We have demonstrated that a single injection of forma lin produces tonic pain lasting around one week and causes a significant delay in the development of morphine tolerance (10) , and that such delay is attributable to pain Fig. 3 . Development of physical dependence on morphine in the presence or absence of morphine tolerance. Mice received dai ly morphine (10 mg/kg, s.c.) and formalin on the 1st day (F,: / in Figs. 1 and 2) , the 1st and 3rd day (F, ,3: El in Figs. 1 and 2) or the 1st and 5th day (F,,5: A in Figs. 1 and 2) . The morphine tolerant (Mor-T: 0 in Figs. 1 and 2 ) group received saline instead of formalin; and the saline control (Sal) received saline instead of daily morphine and formalin. Naloxone at 1 mg/kg, i.p. was given 1 hr after the schedule dose of morphine in all groups, including the saline-treated control group, on the 5th day (A: absence of tolerance development) or on the 9th day (B: presence of tolerance development). To avoid an adaptation to the test procedure, different groups in A and B were used. Each column indicates the mean ±S.E. (n=15-32). Significantly different from the saline treated control group, *P<0.05, **P<0.01. associated anxiety rather than or, to a lesser extent, pain itself (13) . In this experiment, we injected formalin twice into the animal at different time intervals in both hind paws and confirmed that such treatment induced rather in tensified pain in both sides; however, these additional in jections of formalin did not influence the delay in the de velopment of morphine tolerance. In spite of our assump tion that intensification of pain by a formalin booster might sustain the delay in the development of morphine tolerance and subsequently affect the dependence develop ment, such intensified pain failed to prevent either the development of morphine tolerance or dependence. Our previous report that the adrenergic blockers phentol amine and propranolol, completely suppressing the de velopment of morphine tolerance, failed to prevent the development of dependence in mice (5) agrees with the present results that in the absence of tolerance, depend ence developed to the same extent as in the animals treat ed with morphine alone. There are some reports indicat ing that the development of tolerance to as well as depend ence on opioids are rare in patients suffering from chron ic pain (14, 15) , and that neither morphine tolerance deve loped (10) nor some kind of withdrawal signs, i.e., teeth chattering and diarrhea, remarkably appeared in forma lin-treated rats (8) . These differences from our present work may be due to the species, schedule and methods of observations. In conclusion, it can be seen that depend ence on morphine develops in the absence and presence of morphine tolerance; and therefore, our results provide evidence that mechanisms underlying the development of opioid tolerance and dependence are mutually different and dissociable in such an animal model of experimental pain/anxiety.
